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Accomplishments 
 
The	cameras,	Phantom	VEO	640-S	with	resolution	of	2560x1600	at	1400	frames	per	
second,	were	purchased	in	the	summer	of	2017.			After	some	modifications	to	mount	
and	trigger	the	new	cameras,	they	were	installed	in	the	fall	of	2017.			
	
The	first	data	we	have	taken	compared	two	sets	of	triads	with	rigid	and	flexible	
arms.		This	is	a	good	problem	to	assess	the	capabilities	of	the	new	imaging	system	
since	detection	of	the	small	deformations	requires	the	high	image	resolution.				The	
triads	used	were	3D	printed	using	two	different	resins	supported	by	a	sacrificial	
matrix	on	a	Connex	Objet500	printer.				Figure	1	shows	Euler	angles	giving	the	
orientation	as	a	function	of	time	for	a	rigid	triad	sedimenting	in	the	vertical	
turbulence	tunnel	at	Wesleyan.			The	random	fluctuations	around	the	smooth	
trajectory	are	at	the	level	of	.001	radians,	indicating	the	extremely	high	precision	
with	which	we	can	track	these	particles.		It	was	only	6	years	ago	that	our	group	
published	the	first	direct	measurements	of	rotation	rates	of	fibers	in	turbulent	flows	
(Parsa	2012),	and	it	is	very	satisfying	to	see	the	quality	of	these	measurements	
having	improved	this	rapidly.	
	

	
Figure	1:		Euler	angles	as	a	function	of	time	for	a	triad	in	the	vertical	water	tunnel	at	
Rλ=192.  The	subfigure	shows	a	blow	up	of	a	time	when	one	angle	has	zero	time	
derivative	in	order	to	reveal	the	measurement	noise.	 	
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Our	first	measurements	of	the	angle	between	arms	of	a	deformable	triad	are	shown	
in	Figure	2.			We	have	found	measurements	on	these	particles	to	be	very	challenging	
as	the	turbulence	induced	deformations	are	small	in	comparison	with	the	deviations	
of	a	non-deformed	particle	from	the	idea	shape	sent	to	the	3D	printer.		However,	we	
find	that	for	long	trajectories,	we	can	make	a	best	fit	to	the	equilibrium	shape	of	the	
particle	and	then	measure	the	deviations	from	this	shape	as	a	function	of	time.		The	
measured	deviations	are	on	the	order	of	.002	radians,	very	near	our	angle	
measurement	accuracy.		Work	is	ongoing	to	obtain	larger	deformations	using	higher	
turbulence	intensity,	more	flexible	particles,	as	well	as	to	automate	the	
determination	of	equilibrium	shape	along	a	trajectory.			

	
Figure	2:		Deformation	of	each	of	the	three	arms	of	a	triad	from	its	undeformed	
state.	

	


